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been fully understood. Computationally, sampling the conformation space is
the key limitation. We therefore employ the ‘‘weighted ensemble’’ (WE) sim-
ulation technique, a parallel, enhanced sampling method for characterizing
non-equilibrium and equilibrium processes that would be impractical to ob-
serve using brute force simulation. Because it yields an ensemble of transition
events, WE provides a unique lens for examining the mechanism (i.e., the time
sequence of intermediate states), including possible heterogeneity, of confor-
mational switching in all-atom ADK.
358-Pos Board B127
Crosstalk between Hormone and DNA Binding Domains in Estrogen
Receptor Alpha: An Energy Landscape Approach
Wei Huang, Krishnakumar M. Ravikumar, Sichun Yang.
Case Western Reserve University, Cleveland, OH, USA.
Estrogen receptor (ER) alpha is a hormone-activated transcription factor,
which comprises of a highly conserved structural organization including
a functional hormone binding domain (HBD) and a DNA binding domain
(DBD). The mechanisms by which HBD and DBD interact in the regulation
of hormone signaling are still unknown. Here, we apply a recently developed
coarse-grained (CG) simulation pipeline to characterize the energy landscape
of HBD-DBD interactions. First, CG models are built on HBD and DBD crys-
tal structures and on their electrostatic and hydrophobic interactions. Second,
ER molecular dynamics simulations are implemented and the sampling is en-
hanced by a push-pull-release strategy to comprehensively search for different
HBD-DBD orientations. Finally, simulated ER configurations are projected
onto a 3D energy globe and energetically stable conformations are identified.
We found that among five identified ER conformations, four of them adopt
very tight HBD-DBD packing utilizing a critical C-terminal helix (H12) as
a key mediator at the domain interfaces, while the other takes a rather ex-
tended conformation and forms loose HBD-DBD contacts at a distant site.
A closer examination also shows that while the binding sites from HBD for
the four compact conformations are close in proximity, the DBD sites vary
in contact residues and result into different HBD-DBD orientations. Detailed
analyses on decomposing interfacial energies show that the molecular fac-
tors stabilizing these assembled conformations are from hydrophobic instead
of electrostatic interactions. Taken together, these CG simulations and analy-
ses reveal multiple distinct ER conformations that are accessible on the
energy landscape and provide insight about HBD-DBD crosstalk into ER
activation.
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Recently we have put forward the efficacy of single residue perturbations for
a protein to populate its alternative conformational states[1-3]. In this work,
we explain why mutation or protonation of a single-residue can create substan-
tial conformational changes. First, we introduce a methodology which couples
the network-based perturbation-response scanning (PRS) technique[4] with
repeated constant force-steered molecular dynamics (CF-SMD)[5] simulations.
Second, we utilize Crooks’ fluctuation theorem[6] to measure the free-energy
differences between conformational states to classify the circumstances under
which a mutation or protonation achieves population shifts. Finally, we trace
the relationship between the non-equilibrium trajectories(NET) from CF-
SMD and redundant pathways in residue networks[1], and employ this relation-
ship in interpreting the outcomes of the fluctuation theorems so as to ferret out
the degree of collectivity in residue fluctuations.
Here are the procedure and sample results for calmodulin: (i)PRS takes the
most-populated calmodulin conformation(3cln) and identifies E31whose
directional-sensitive perturbations results in positional changes that yields the
best overlap with considerably less populated states[7,2];(ii) through extensive
MD simulations, E31A mutation reproduces structures consistent with those
from NMR experiments[8];(iii) repeated CF-SMD runs for E31A produce
NET between the two states, while those for E31 protonation do not;(iv) via
Crooks’ fluctuation theorem, we find the free-energy barrier between the two
states to be þ0.60kcal/mole for E31A. E31A MD runs reproduce conforma-
tional changes between states three orders of magnitude faster than in wild
type[7]. Analysis of the NET for redundant paths reveals collectivity induced
by strategically inserted point mutations.
1.Atilgan et al., Annu. Rev. Biophys. 41, 205(2012).
2.Atilgan et al., J. Chem. Phys. 135, 155102(2011).
3.Atilgan et al., Biophys. J. 99, 933(2010).
4.Atilgan and Atilgan, PLoS Comput. Biol. 5, e1000544(2009).5.Izrailev et al., Biophys. J.72, 1568(1997).
6.Crooks, Phys.Rev.E 60, 2721(1999).
7.Slaughter et al., J.Phys.Chem.B 109, 12658(2005).
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Cadherin-mediated adhesion plays a crucial role in multicellular organisms.
Dysfunction of this adhesion system has major consequences in a number of
pathologies, including cancer invasion and metastasis. While crystallographic
structures for several cadherins show clear structural similarities, their relevant
adhesive strengths vary and their mechanisms of adhesion between types I and II
cadherin subfamilies are still unclear. The cadherin extracellular region is con-
sidered one of the dominant factors governing its adhesive properties, and unrav-
eling its mechanical properties should bring a better understanding of the
adhesion mechanism. Here, stretching of cadherins was explored experimen-
tally by atomic forcemicroscopy (AFM), and computationally by steeredmolec-
ular dynamics (SMD) simulations, where the dominance of partial unfolding of
the ectodomains was observed. SMD simulations on strand-swapping cadherin
dimers displayed similarity in binding strength, suggesting contributions of
other mechanisms to explain the strength differences of cell adhesion in vivo.
Systematic simulations on the unfolding of the extracellular domains of types
I and II cadherins revealed diverse pathways. However, at the earliest stage, a re-
markable similarity in unfolding was observed for the various type I cadherins
that was distinct from that for type II cadherins. This likely correlates positively
with their distinct adhesive properties, suggesting that the initial forced deforma-
tion in type I cadherins may be involved in cadherin-mediated adhesion.
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We have developed a computational approach to build an atomic model from
an electron microscope (EM) image of proteins. In this approach, many atomic
models are built first by deforming the X-ray crystal structure of the protein us-
ing a computational technique. Then, projection images of each atomic model
to many different directions are generated. Finally, they are compared to the
EM image. The atomic models with the projection images similar to the EM
image are regarded as the candidates for the atomic structure of the protein
from which the EM image was obtained.
This approach was applied to the EM images of integrin. Integrin is a membrane
protein with a huge extracellular domain, and participates in cell-cell and cell-
extracellular-matrix interactions. A group of integrins is known to perform
a large-scale conformational change when the protein is activated.
The X-ray crystal structure of integrin was solved for the closed conformation,
while many EM images were obtained for the open conformation. The differ-
ence of the two conformations is so large that it is difficult to build the atomic
model for the EM conformations by deforming the X-ray crystal structure using
conventional computational techniques. Thus, we have used the coarse-grained
model of the X-ray crystal structure to simulate the large-scale conformational
change.
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The platelet integrin aIIbb3 receptor plays a crucial role in thrombosis and
hemostasis. A full-length atomic structure of the receptor is required to fully
understand ligand binding and signaling. Guided by a 20.5 A˚ low-resolution
electron microscopy (EM) map of the intact receptor in phospholipid bilayer
nanodiscs, we used a combination of molecular dynamics flexible fitting
(MDFF) and steered MD methods to refine a complete atomic structure of
the human aIIbb3 ectodomain into the EM maps. The complete ectodomain
was built using the closed aIIbb3 crystal structure and ab-initio methods to re-
construct missing loops. Several landmarks guided the MDFF, including bind-
ing of mAbs to specific domains as revealed by negative stain images. The
characteristic shape of the aIIb b-propeller and the mAb binding sites furnished
Sunday, February 3, 2013 71athe basis for fitting the aIIb b-propeller and the b3 bI and PSI domains into the
map. Reasoning that the electron density adjacent to the bilayer must fit distal
segments of the integrin legs, we steered the corresponding crystallographic re-
gions towards the section of the map immediately above the nanodisc. The ad-
jacent b3 EGF-4 and EGF-3 domains were steered towards the higher density
regions in the lower part of the map, whereas a final MDFF run allowed optimal
fitting of the b3 EGF-1 and EGF-2, and the aIIb thigh domains into the remain-
ing electron density. Our predicted model structure of the aIIbb3 ectodomain
shows that the headpiece is oriented away from the lipid bilayer and, in sharp
contrast to the crystal structure, that the lower legs are not straight, parallel, and
adjacent; rather they show definite bends and join only when near the bilayer.
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Sarco(endo)plasmic reticulum Ca-ATPase (SERCA) is inhibited by the 52
amino acid protein phospholamban (PLB). Inhibition of SERCA is relieved
when PLB is phosphorylated by protein kinase A (PKA). To better understand
the mechanism of this regulatory mechanism on SERCA structure, we designed
a ‘‘2-color’’ SERCA labeled with donor and acceptor fluorescent proteins in the
A- and N-domain. Intramolecular fluorescence resonance energy transfer
(FRET) between these two domains was quantified as an index of SERCA con-
formation. Fluorescence lifetime distribution analysis (FLDA) showed that
SERCA sampled three discrete conformations in the absence of PLB or in
the presence of non-phosphorylatable PLB (S16A). Co-transfection of SERCA
with phosphomimetic PLB (S16E) revealed an additional state characterized by
a highly compact conformation. This unique state was only observed under
conditions of high intracellular calcium. The data support the hypothesis that
PLB remains bound to SERCA after phosphorylation by PKA, inducing the
pump to assume a very compact E1 conformation.
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The Ga subunit is responsible for regulating intracellular signals through gua-
nine nucleotide binding and release, the catalytic rate limiting step. Recent stud-
ies have shown interactions of Ga with Guanine nucleotide Exchange Factors
(GEFs) cause dynamic structural changes which facilitate substrate release. De-
termining the structural changes and dynamics of the GDP-bound (inactive) and
GEF-bound (nucleotide-free) states of the a-subunit will lead to a better under-
standing of cell signaling and regulation. In this study the conformational state
distributions and dynamic motions of Ga were probed on a surface-cysteine
free Gai1 construct (Ga Hexa I) mutant using single molecule Fo¨rster Reso-
nance Energy Transfer (smFRET)and time-resolved fluorescence anisotropy.
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The sodium, potassium-ATPase (NKA) is an important ion pump responsible for
the generation of electrochemical gradients across eukaryotic plasma mem-
branes. This protein is a high-value therapeutic target for the treatment of heart
failure and several carcinomas.We fused fluorescent proteins to the N andA do-
mains ofNKAand investigated conformational changes by quantifying intramo-
lecular FRET. Fluorescence lifetime distribution analysis (FLDA) revealed
a decrease in FRETwith the addition of 25mMKCl or 1mMouabain, suggesting
a structure transition to a more open conformation. In addition, the low-FRET
conformations show a wider lifetime distribution than high-FRET architectures,
which suggests that the open structure has a more dynamic cytoplasmic head-
piece than the closed conformation. Ongoing experiments will investigate the
voltage dependence of FRET changes and NKA structural heterogeneity.
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DePaul University, Chicago, IL, USA.The crystallizable fragment (Fc) region of IgG antibodies interacts with
a variety of molecules in the immune system. The removal of the oligosaccha-
rides bound to this region affects the ability of antibodies to generate an
immune response. A comparison of the structures of the Fc region with and
without the oligosaccharides present can indicate if a structural change is
the basis for this effect. To carry out these studies, we have labeled the Fc
region of a human IgG antibody with donor and acceptor dye molecules.
Enzymatic removal of the oligosaccharides was used to generate an
oligosaccharide-free antibody. Both ensemble and single molecule Fo¨rster res-
onance energy transfer (FRET) spectroscopy were used to examine the struc-
tures of the Fc region. All single molecule FRET measurements performed
involved the examination of photon bursts from freely diffusing donor-
acceptor labeled antibodies, from which a histogram of the conformations pres-
ent was constructed.
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Phosphofructokinase (PFK) catalyzes the phosphorylation of fructose-6-
phosphate (Fru-6-P) by MgATP in the first committed step of glycolysis.
Bacterial phosphofructokinase is an allosteric, homotetrameric enzyme and is
allosterically regulated by phospho(enol)pyruvate (PEP) and MgADP. In phos-
phofructokinase from both Bacillus stearothermophilus (BsPFK) and Escheri-
chia coli (EcPFK) the allosteric coupling between PEP and Fru-6-P results from
compensating enthalpy and entropy components. In EcPFK the positive cou-
pling free energy associated with inhibition by PEP is established by the pos-
itive enthalpy component. In BsPFK the sign of the coupling free energy is
opposite that of the enthalpy term and is therefore determined by the larger ab-
solute value of the entropy term. This striking contrast between BsPFK and
EcPFK suggests that fundamentally different mechanisms may be responsible
for transmitting the allosteric signal between binding sites. In the present study,
enzyme activity and allosteric couplings were determined at varying concentra-
tions of urea for both BsPFK and EcPFK. The specific activity of BsPFK in-
creases at low concentrations of urea, reaching 115% of initial activity at
~0.5M urea. The activity remains at this level until ~2.5M urea, where it de-
creases until reaching 0% at ~6M urea. EcPFK slowly loses activity from
0 to ~1.5M urea, where the activity begins to quickly decline and is completely
lost by ~3M. Compared to 0M conditions, the allosteric coupling between PEP
and Fru-6-P increases by about 3-fold in 0.5M urea, 2-fold in 2M urea, and de-
creases by 2-fold in 4M urea. This is in direct contrast to EcPFK, where the al-
losteric coupling is similar at 0, 0.5M and 2M urea. These results support the
notion of different underlying mechanisms for inhibition of PFK in Bacillus
stearothermophilus and Escherichia coli. Funding: NIH-GM33261, NIH-CBI,
Welch-A1543.
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We report direct evidence for the allosteric regulation of cadherin adhesion by
conformational changes and inside-out signaling. Cadherins are essential
proteins that mediate intercellular cohesion in all tissues, and circumstantial
evidence suggested that inside-out signaling allosterically regulates cadherins,
analogous to integrins. Recent findings with conformationally-specific anti-
bodies provided biochemical evidence that cadherin adhesion is allosterically
modulated by conformational changes in association with a conformational
change in the cadherin cytoplasmic domain and in the phosphorylation state
of a cytoplasmic binding protein, p120 catenin. Here we present direct evi-
dence, using micropipette manipulation that antibody-induced conformational
changes alter the intrinsic affinity of membrane-bound cadherins. Micropi-
pette measurements quantified the two-dimensional affinity and dissociation
rate of bonds between cell surface cadherins. Studies used Colo205 cells,
which express a full complement of surface E-cadherin, but do not aggregate
unless treated with a kinase inhibitor or with activating antibodies. Binding
kinetics between Colo205 cells and cadherin-displaying red blood cells
showed that activating monoclonal antibodies substantially increase the intrin-
sic affinity of membrane-bound cadherin. Neutral antibodies, which bind
cadherin but do not alter Colo205 aggregation, had no effect on cell-cell bind-
ing. These important findings demonstrate conformational coupling between
cadherin binding activity, extracellular domain conformations, and intracellu-
lar signaling.
